Abstract-A compact dual-band power divider for GSM/DCS applications is proposed in this letter.
INTRODUCTION
Power dividers are widely used in microwave and mm-wave circuits, such as antenna arrays, power amplifiers, mixers, and etc. There are many types of power dividers for various applications [1] [2] [3] [4] . In recent years, due to the multi-band requirements, various dual-band power dividers have been reported, e.g., placing an open or short stub nearby the input [5] or in the middle of the transmission line [6] , adding extra lumped inductor and capacitor in parallel with the isolation resistor [7] . But those topologies are not compact enough using conventional microstrip transmission lines. Meanwhile, spurious responses may be introduced at some harmonic frequencies.
In this letter, a compact dual-band power divider using novel planar artificial transmission lines is presented. A dual-band power divider operating at frequency f 0 and 2f 0 for GSM/DCS applications is fabricated and measured to verify the design. A lumped inductor and a lumped capacitor are placed in parallel with the isolation resistor in the power divider.
PRINCIPLE

The Planar Artificial Transmission Line
For miniaturization of conventional transmission lines, various techniques have been reported. Recently, a novel planar artificial transmission line was proposed [8, 9] . It is composed of microstrip quasi-lumped elements and their discontinuities with single-layer printed circuit board. It can easily synthesize transmission lines with a wide range of characteristic impedances and electrical lengths. The required physical lengths of both high-and low-impedance microstrip lines can be greatly reduced, especially in low frequency range.
The unit cell of the artificial transmission line and its corresponding equivalent lumped circuit model are shown in Figs. 1(a) and (b), respectively. Referring to the circuit model in Fig. 1 
where L tot and C tot represent the total equivalent inductance and capacitance of the artificial transmission line, respectively. L tot and C tot can be obtained from the equivalent circuit model. According to (1), (2), it is apparent to verify that, as L tot and C tot rise proportionally, the guided wavenumber increases, whereas the characteristic impedance remains unchanged. So it can effectively reduce the required physical length of a microstrip line by reducing the guided wavelength λ g with the given characteristic impedance and electrical length. Compact components can be designed based on this characteristic.
Moreover, another important characteristic is that, the parallel resonant LC-tank inserted in the middle stage of the artificial transmission line may introduce multiple finite-frequency transmission zeroes at the high frequency range. Hence the artificial transmission line has the ability of suppressing spurious harmonic responses in various circuits, and can give good broadband responses over a very wide frequency range.
The Dual-Band Power Divider Scheme
The dual-band power divider operation scheme has been proposed using two section impedance transformers and a parallel RLC circuit [7] . The schematic diagram is shown in Fig. 2 .
Within the scheme, the power divider can realize the power division both at the fundamental frequency f 0 and its first harmonic frequency 2f 0 .
With the odd-and even-mode analysis, the circuit parameters can be determined as [7] 
For the operating frequency at 900 MHz, in a system Z 0 = 50 Ohm, these parameters are: Z 1 = 79.5 Ohm, Z 2 = 63 Ohm, L = 15.67 nH, C = 1.0 pF, R = 100 Ohm.
DESIGN AND MEASUREMENT
For GSM/DCS applications, the center frequencies are 900 MHz and 1800 MHz, the design parameters can be obtained by solving (3)- (5) . And according to (1), (2), artificial transmission lines can be designed for desired characteristic impendence. A compact dual-band power divider is designed and realized on a substrate (ε r = 2.65, h = 1 mm). A photograph of the fabricated power divider is shown in Fig. 3 . The overall size of the circuit is 49 mm × 23 mm or equivalently, 0.2λ g × 0.1λ g . λ g here is the guided wavelength at 900 MHz. l 1 = 14.4 mm, l 2 = 13.5 mm and the exact parameters of the lumped components are: L = 15 nH, C = 1.0 pF, R = 100 Ohm.
The proposed design was measured using an Agilent N5230A Good balance can be achieved between the two output ports according to Fig. 5 . The magnitude difference between two output ports is 0.21 dB at 900 MHz and 0.22 dB at 1800 MHz, while the phase difference is 1.78 • at 900 MHz and 2.3 • at 1800 MHz. The wideband response is shown in Fig. 6 . The attenuation is greater than 20 dB from 3.7 GHz to 10 GHz (even much higher frequency). It shows that the artificial transmission line used in the design can effectively suppress the harmonic response. 
CONCLUSION
In this letter, a novel dual-band frequency power divider for GSM/DCS applications has been presented. By introducing artificial transmission lines, the proposed power divider is of 0.2λ g by 0.1λ g , which is about 37% of conventional microstrip dual-band frequency power divider. It is with good return loss, insertion loss and isolation. In addition, the wideband response of the power divider is excellent. The simulations show a good agreement with the measured results.
